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1.0 Intinduction 

This report was prcpared at  the request of the Rocky Flats Ficld Office Environmental Restoration 
program (RFO ER). The purpose of tlie evaluation was to examine how well tlie data prcscntcd in tlic 
0U.f Solar Evaporation Poiid Intenm Mearsirres/litenm Remedial A ctron Environmentof A ssessrncitt 
Decision Dociiinenl support tlie conclusions of the document. especially those pertaining to the 
groundwater flow systcm. A consistent, defensible conceptual model of tlie groundwatcr flow s!~steni 
is critical for designing the compliance well network for post-closure monitoring of the solar 
Evaporation Ponds at Operable Unit No. 4 (OU4) to assure that important contaminant migration 
pathways are monitored. Tlie assurance of adequate monitoring is important for gaining regulaton 
concurrence on, and public acceptance of, the present closure plan. In addition, the site conccptual 
iuodel will determine tlie perception of remaining data gaps and additional work needed to fill those 
zaps. It will also strongly influence the exposure pathways addressed in the baseline risk asscssnient 
(BRA) for the site. Tlie results of tlie BRA will determine the perceived level of risk related to tlic 
sitc and drive further rcinedial actions. 

Dcspite the importance of the conceptual model of the saturated flow system, the discussions of i t  in 
the dccision document are unfocused, and the model is not adequately supported by the data 
presented. Conclusions regarding the nature of the saturated flow system at OU4 are inconsistent 
among the various volumes of the decision document (Parts I - VI). Definitions of hydrostratigraphic 
units vary among the volumes, and hypothesized preferential flow paths are often inconsistent lvi th  
hydrostatic unit definitions within tlie saine volume. In addition, the data presented do not provide 
adequate support for the conclusions about the flow system and the existence of preferential flow 
pathways. In some cases adequate data appear to be available, but are not presented in a systematic 
way in the report. In other cases, the data either do not exist or appear to support conclusions 
contrary to those of tlie report. 

Section 2 presents discussions of inconsistencies and deficiencies in the decision document with 
respect to definition of the saturated flow system model and how they may affect the proposed post- 
closure monitoring plan and Phase I1 investigations. It also identifies data gaps and makes specific 
recommendations about additional data analysis and systematic presentation that would make the 
conclusions of the decision document more consistent and defensible. 

2.0 Slltuntcd Zone Flow Modcl 

2.1 Definition of the Upper Hydmstntigmphic Unit 

The following are three definitions of the upper hydrostratigraphic unit (HSU) quoted from the 
dccision document. The first is from Part I of the decision documcnt (Introduction, Section 1.4.7.2, p. 
1-46). This volunic summarizes site characteristics. 

"Two HSUs (designatcd uppcr and lowcr units) have bccn idcntified at tlie site. The unconfined 
groundwatcr occurs in  thc uppcr HSU within the unconsolidatcd geologic matcrial. The uppcr HSU 
includcs tlic Rocky Flats Alluvium, which is prcscnt on broad topographic highs, colluviuni along thc 
vallcy slopes, and the vallcy fill alluviuin present in modcrn stream drainages. ..." 

Tlic sccond definition of the uppcr HSU is from Part I1 of thc dccision document (Phasc I Rcnicdial 
Invcstigation Rcporl, Seclion 11.5.3.3, p. 11.5-14). This scction is a dcscription of thc saturatcd flow 

1 



Enclosure 1 

Page 4 of 14 
94-RF-11507 

systcni in the conceptual niodcl and fate and transport scction. 

t 

"The saturatcd ground \vatu zone ininicdiatcly undcrlying tlic vadose zonc at  OU4 is tcnncd 
the uppcr hydrostratigraphic unit (HSU). This uni t  is comprised of both Rocky Flats Alluvium 
and associatcd soils, and weatlicred bcdrock lithologics. ..." 

Tlic third dcfinition is froni Part VI of the dccision docunicnt (OU4 Phase I1 R I R F I  Work Plan, 
Section V1.3.3.1, p. VI.3-32), \vhich summarizes groundwater hydraulics. 

"The Uppcr HSU consists of unconsolidated sediments. In areas $\.liere the undcrl3Ving 
Arapahoe Formation is sandstone, it is included in tlie Upper HSU. ..." 

The following statcmcnt occurs on p. VI.3-33. 

"Common usage cquntcs the Uppcr HSU, the unconsolidatcd unit and the alluvial unit. Tlic 
Lower HSU rcfers to the bcdrock uni t ,  excluding bcdrock sands in  contact \vitli thc Uppcr 
HSU. 

This dcscription of the hydrogcologic systcm does not spccifically identif!. tlic weatliercd 
claystoncs and siltstones of tlic bedrock as an iniportant water-bearing unit. ... Results of thc 
RCRA monitoring program have shown that the weathcrcd bedrock and rhe uppcnnost 
bcdrock sands niay act as pathways for contaminant migration. ..." 

The apparcnt confusion about which geologic units should be considcrcd part of the uppcr HSU is 
obvious froni the discrepancies in  the above definitions and occurs throughout the six volumes of tlie 
dccision document. It makes descriptions of the flow system unnecessarily complicated and confusing 
and affects perceptions of migration pathways. See the example of the post-closure monitoring plan 
dcscribed below. 

Properly defined tlie upper HSU should include all geologic units in direct hydraulic comniunication 
within the watertable aquifer. There is very good evidence that these units include at lcast the 
unconsolidated materials, the weathered bedrock, and the near-surface Arapahoe sandstones. The 
evidence includes watertable maps, hydrographs, hydraulic conductivity data, vertical hydraulic 
gradients, seismic refractions results, and the occurrence of contaniinants in bedrock. The uppcr HSU 
could also include deeper bcdrock, but data are insufficient to assess that possibility. The available 
data, thus, are sufficient to define units belonging to the upper HSU and to identify an important data 
gap. Thcse data, however: need to more coiiiplctely analyzed than has bcen done in the decision 
document, reinterpreted in some cascs, and prescnted in a more systematic manner to provide the basis 
for a consistent, defensible definition of the uppcr HSU. 

2.2 Esistcnce of Pmfcncd Migcttion Pathways 

Rclatcd to the confusion over the definition of the upper HSU, the decision documcnt discusscs f low 
i n  the alluvium and the bcdrock scparatcly and hypothesizes at least four prcfcrrcd migration 
pathways. For csaniplc, tlic following statcmcnt is madc in t l ~ c  sumniary lo Section 11.3,s (Section 
11.3.S.5, p. 11.3-124) of Part 11. This section dcscribcs the geological charactcrization rcsults. 
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"Based upon the gcological invcstigations within OU4, four potential conta~iiinant path\vays 
\vcre idcntified. Thcse pathlvays are thc inciscd bcdrock clianncls \\.hich arc often filled \i itli  
matcrial (alluvium Lithofacics 1 and 2) that exhibit a rclati\fcly highcr value of h>rdraulic 
conductivity 
"wcathercd" bedrock zone idcntificd by borcliole and rcfraction seismic data, a sand!. lcns 
bcneath the area of pond 207-C, and fractures within the bcdrock." 

4 to 10- cm/sec) than otlicr alluvial or bedrock units. the semi-consolidated 

2.2.1 Existence of PEfcmd Flow in  Incised Bedrock Channels 

Alluvial materials in the bedrock channels are stated to be important preferrcd groundwater flow 
pathways throughout tlic volurncs of the decision document, with the esception of Part V, the post- 
closure monitoring plan, \vhcre they are not explicitly considcrcd when siting nrells. Fig. 1 shows a 
conceptual model of flow in the hypothesized bedrock channcls as described in the decision document. 
Fig. 2 shows the inferred locations of the bedrock channels as shown in the dccision documcnt. 

Thc first lines of evidence prcsentcd in thc dccision documcnt for prcfcrrcd flow i n  the bedrock 
channels arc topographic and stratigraphic. The topography of the top of the bedrock (defincd by thc 
alluviuni/colluviuni-bedrock contact) is interpreted to contain the incised channels. The. topography of 
the bedrock surface is inferred from boring logs and seismic rcfraction data. However, thc existence 
of the clianncls is not supportcd by thc boreholc and scisniic data. First, lithologic control in thc 
critical area, the northern hillside, is vcry poor and cannot support the dctailcd top of bcdrock contours 
drawn on decision docuiiicnt figures (e.g., Fig. 11.3.5-14). Second, lithologic cross sections prescntcd 
in the decision document either do not sliow any cvidcncc of tlie incised channcls at the mappcd 
locations or do not show coarse-grained Iitliofacies in channels where thcrc niay be some evidence of 
their existence (Fig. 3). 

The interpretations of the scisniic rcfraction data prcscnted in dccision docuiiicnt Figs. 11.3.5-20 to 
11.3.5-26 do not support the existence of the channcls either. First, neithcr the original seismic data 
nor a detailed analysis of the data is presented, and the lines are not tied into actual boring logs in tlie 
report (only locations are shown). Therefore, the validity of the interpretations cannot be confirmed. 
In addition, thcre are indications that the geophone spacing and the methodology for elevation 
determination may not have produced the resolution necessary to map the detail shown on the seismic 
interpretations. The discussion in Scction 11.3.5.4.2 states that vertical accuracy is estimated to bc one 
to two feet and horizontal accuracy is estimated to bc five fect. Many of the features mapped, 
including depressions in the weathered bcdrock surface, are of tlie order of five fect or  less. In 
addition, thcre are no seismic lincs in critical areas on the hillside. 

Sccond, even thc interpretations prcscnted do not appear to support the existence of the bedrock 
channels. For cxaniplc seismic lincs 2, 5, 6, and 7, which are pcrpcndicular to the hypothesized 
channcls, do not show significant relicf or  indicate large scisiiiic velocity differences at the alluvium- 
bedrock contact (e.g., Fig. 3 and Fig. 7). They do indicate sonic relief and large vclocity diffcrcnccs 
at the weathcred bedrock-compctcnt bcdrock contact, indicating there niay bc some confusion about 
where the channcls arc supposcd to bc. In any casc thc cvidcncc providcd by thc boring logs and 
scisniic data nccd to bc rcanalyzcd and intcrprctations carcfully chcckcd. 

The sccond linc of cvidcncc to support prcfcrrcd flow in  the alluvium in  bcdrock channcls is 
csscntially hydrologic and is bawd on thc contcntion that  alluvial materials in  the channcls havc 
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significantly liiglicr saturatcd 1i)rdraulic conductivitics (K) t h a n  undcrlying lithologics (i.e., Ka l lu~ . iL , l l i  
). This contention is not ivell supported by tlic data. Rcsults of I; wcathcrcd bcdrock >> K 

iiicasurcnicnts are prcscntcd in thc dccision document for tlircc diffcrcnt methodologies: insitu BAT IN 
tcsts and Guelpli pcniicametcr tests, and laborator?. dcterniinations from "undisturbed samples". None 
of thcse mcthods can be cspectcd to provide really accurate dctenninations of E;; however, on a 
rclative basis a11 mcthods indicate that K s  for alluvial and bedrock materials overlap (Fig. 4 and Fig. 
5). The BATTh1 data plot scparately on Fig. 4, and appcar to be anomalously low, indicating that tlic 
data from that method may not be comparable to data from other methods. Aquifer tcst data from 
OU4 and other Rocky Flats OUs also indicate overlapping K values for alluvium and bcdrock. 
especially for depths lcss than about G O  fcet (Fig. 6). 

The decision document claims that Rocky Flats Alluvium Lithofacies 1 and 2 have the highest Ks, and 
perhaps thesc could be distinguished from most bcdrock Ks. However, the data in tlic dccision 
documcnt are not prcscnted in such a way that  K differences bctween lithofacies are obvious, and 
furthcr analysis is ncccssary to test this claim. Additional problems with the intcrprctation of I; 
diffcrcnccs bctween alluvium and bcdrock is that the coarsc-graincd alluvial facies do not appear to 
occur in tlie mapped bcdrock channcls (e.g., Fig. 3), and most of the lcngth of the niappcd bedrock 
channcls is on the northcm hillsidc \vhich is underlain by fil l  and colluvium. It is, thus, not clear that 
nicasurcd K valucs for the facics of the Rocky Flats Alluvium are rclevant to transport pathways on 
the hi 11 si de. 

2.2.2 Other Prvfcmd Flow Paths 

The definition of the other preferred flow pathways does not appear to be very meaningful bascd on 
available data. The pathways are defined as the weathered bcdrock, the uppermost Aprapahoe 
sandstone, and fractures within the bedrock. As discussed under definition of tlie upper HSU above, 
the evidence is very good that tlie weathered bcdrock and the Aprapalioe sandstone are in direct 
hydraulic communication with the alluvium and with each other when they are physically juxtaposed. 
Thcre is some evidcnce provided by oxidized fractures within tlie bedrock that fractured bedrock is in 
hydraulic communication with the other units. Consequently, as discussed above, the data indicate 
that the alluvium, the weathered bedrock, and the Arapahoe sandstone should be considered one 
hydrologic unit. Contrary to the impression created by mapping alluvial and weathered bedrock 
contours separately, as is done in the figures in Section 11.3 of Part 11, the elevation of the watertable 
is simply gravity controlled and is independent of geologic unit. 

Possible evidence for the existence of preferrcd flow paths is the occurrence of seeps along the 
northern hillside. These secps are not adequately considered in the decision document. Scction 111.5 
cross sections do not clearly indicate the contact at which thcse seeps occur. It may be very uscful to 
review available data to attempt to determine the origin of the seeps. The extent of communication 
with the fractured bcdrock necds to be investigated further via hydrographs, deeper borings, 
monitoring wells, and aquifcr testing. 

2.3 Rclntionship of Conceptual Flow Model to Post-Closurc Monitoring und Phmc II 1nvestig:itions 

The post-closure monitoring plan docs not appcar to be bascd on a consistcnt definition of tlic uppcr 
HSU or on the four prcfcrrcd migration pathways proposcd in  Part I1 of tlic dccision docunicnt. 
The post-closurc monitoring plan dcfincs the uppcr HSU as thc unconsolidatcd niatcrial and thc 
wcathcrcd bcdrock, but thcn dcscribcs ~vclls as allui,ial, w c a h x d  bcdrock, and uppcr HSU, as if 
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these \ \me thrcc scparatc h!.drologic units. In addition, i t  does not discuss thc possible existence of 
prcfcrrcd migration path\vays and specifically docs not propose v.clls i n  mapped bcdrock channcls, !]IC 
uppcniiost Arapahoe sandstonc or i n  bedrock bclow the weathcrcd zonc (Fig. 7). Thus, the 
monitoring plan does not appear to have taken into account thc conclusions of the Phase I Rciiicdial 
Invcstigation Report. As discusscd above, these particular conclusions are not neccssarily correct; 
howc\;er, to be dcfcnsible the post-closure nionitoring plan needs be based on some clearly dcfiinablc 
conceptual model that is supported by data. 

The locations and depths of proposed Phase I1 monitor wells should ref lect the conceptual flow model 
and identified data gaps. Part VI (Phase 11 Work Plan) dcscribcs the locations of 11 ncw alluvial 
\veils and 17 new weathcred bedrock wells. Preliminary review indicates that siting of the Lvells 
appears to be related primarily to spatial coverage of the area, although a statement is made that if 
bcdrock channels arc found at least one w ~ l l  will be sited in each. The plan separates wells into 
alluvial and weathcred bcdrock \vitli no recognition that both belong to tlie upper HSU. One obvious 
dcficicncy in tlie investigation is the lack o f  proposcd wells in the  bedrock underlying the M cathcrcd 
zone, although fractured bcdrock has bcen identificd as a flow path\\ ay. 

Few details about proposcd slug tcsts and punip tcsts arc given. For exmiple, no locations are 
provided for tlie slug tests. From the descriptions of the pump tests i t  is not clear that they will 
provide critical data 011 l i ~ ~ d r a u l ~ c  communication behvecn units. For examplc, no tests are proposcd 
for bedrock bclow the wcatliercd zone. It Ivould be useful to analyze the locations o f  proposed 
monitoring wells and thc dcsign of aquifer tcsts in more dctail in rclation to vaIid flow niodcls and 
identified data gaps. 
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